Abstract. To investigate the presence of diarrheagenic Escherichia coli in Lambaréné , Gabon, 150 children with diarrhea were screened for enteroaggregative E. coli (EAEC), enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), enterohemorrhagic E. coli (EHEC), and enteroinvasive E. coli (EIEC) using polymerase chain reaction and an HEp-2 cell culture techniques. Isolates of EAEC were detected in 57 children, two thirds of them between six months and two years of age, and isolates of ETEC were detected in seven patients. Isolates of EPEC, EHEC, and EIEC were not present in this population. Among the EAEC, the pCVD432 plasmid, a heat stable (ST)−like (ST-like) enterotoxin (EAST), and a plasmid-encoded heat-labile toxin (PET) were detected in 19, 34, and 42 cases, respectively. Detection of pCVD432, EAST, and PET were significantly associated with EAEC identified by the HEp-2 cell assay. Although detected only in 16 patients, the presence of the fimbriae AAF I (aagA) and AAF II (aafA) were more likely to occur in EAEC than in non-EAEC (odds ratio [OR] ‫ס‬ 4.1, 95% confidence interval [CI] ‫ס‬ 0.5−38.6, and OR ‫ס‬ 2.3, 95% CI ‫ס‬ 1.0−5.3, respectively). The EAEC isolates exhibited decreased susceptibility for ampicillin, tetracycline, and trimethoprim.
INTRODUCTION
Diarrheal diseases are a leading cause of morbidity and mortality in developing countries. Besides the classic pathogens Shigella, Salmonella, Yersinia, Vibrio, and Campylobacter spp., at least five different categories of Escherichia coli may cause diarrhea worldwide: enterotoxigenic E. coli (ETEC), enterohemorrhagic E. coli (EHEC), enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC), and enteroaggregative E. coli (EAEC). The associated clinical pictures comprise childhood and traveler's diarrhea (ETEC), bloody diarrhea and hemolytic uremic syndrome (EHEC), infantile diarrhea (EPEC), and bacillary dysentery-like diarrhea (EIEC). Enteroaggregative E. coli have been associated with acute and persistent diarrhea in children and adults in industrial and developing countries in Europe, America, Asia, and Africa. [1] [2] [3] [4] [5] Diarrheagenic E. coli produce toxins or possess certain virulence traits. Enterotoxigenic E. coli and EHEC produce toxins, i.e., heat-labile (LT) and/or heat-stable toxin (ST) and shiga-like toxins I and II (SLT I/II), respectively. Enteroinvasive E. coli typically invade and destroy the bowel mucosa. Enteropathogenic E. coli damage the bowel mucosa with characteristic attaching and effacing lesions mediated by a protein encoded by a gene called the attaching and effacing locus (eal). The epidemiology and pathogenicity of EAEC are less clear, but are associated with the presence of a large 60-kD plasmid encoding different virulence factors and toxins. Enteroaggregative E. coli are distinct in their adherence pattern with a so-called stack-brick adherence to Hep-2 cells. 6 In addition, EAEC may harbor additional virulence factors including fimbriae I and II (AAFI and AAFII), an ST-like enterotoxin (EAST), and a plasmid-encoded heat-labile toxin (PET) that are involved in aggregation and pathogenesis of associated diarrhea. 6 The aim of the present study was to investigate the presence and the frequency of diarrheagenic E. coli in children with diarrhea in Gabon. Stool samples of 150 children with diarrhea were cultured for E. coli, which were then screened for EPEC, EIEC, EHEC, ETEC, and EAEC using a polymerase chain reaction (PCR) and cell culture. When diarrheagenic E. coli were detected, further characterization for virulence factors and resistance patterns was carried out.
PATIENTS AND METHODS
Patients. Stool specimens were collected from 150 children who presented to the outpatient clinic of the AlbertSchweitzer-Hospital in Lambaréné , Gabon with diarrhea in autumn of 1997. The Ethics Committee of the International Foundation of the Albert Schweitzer Hospital, Lambaréné, Gabon reviewed and approved the study. The parents were asked for and provided informed consent for participation of their children in the study. A case of diarrhea was defined as a history of more than one stool of liquid consistency, or three or more stools of loose consistency, during the previous 24 hours. Severe diarrhea was defined as more than three watery stools plus signs of dehydration (reduced consciousness, sunken eyes, dryness of mucous membranes, thirst, skin turgor). Symptoms including indicators of gastroenteritis (vomiting, abdominal pain, blood in the stools) were recorded on charts. Fever was defined as an oral temperature > 37.8°C. Children whose diarrhea could be attributed to classic pathogens including Salmonella, Shigella, or Campylobacter spp. or gross infestation of parasites were excluded from the study. A thick blood smear was prepared for all children. When Plasmodium falciparum malaria was diagnosed in the blood smear children received a standard treatment regimen with sulfadoxine/pyrimethamine (Fansidar ® ; F. Hoffmann La Roche, Basel, Switzerland).
Microbiologic methods. Fresh stools specimens obtained from patients were macroscopically examined for blood and mucus. Samples from these stools were placed into the CaryBlair transport medium, which was refrigerated on the day of collection and transported within seven days to Austria. There, all specimens were cultured for E. coli and, to exclude classic bacterial pathogens, for Salmonella, Shigella, Vibrio cholerae, and Campylobacter spp. using standard methods.
Five individual lactose-fermenting colonies resembling E.
coli were then inoculated into brain heart infusion broth with 2% glycerol added, and the samples were stored at -70°C. In five patients no colony resembling E. coli was isolated from the stool sample. Polymerase chain reaction assays. The PCR for diarrheagenic E. coli were performed only in patients whose stools grew E. coli. To detect EHEC, ETEC, EIEC, and EPEC, PCR assays were performed using the primers shown in Table  1 . To detect EAEC, a cell culture technique and five PCR assays were performed. DNA was isolated from whole organisms by boiling. Bacteria were harvested from an overnight broth culture, suspended in 1 mL of sterile water, and incubated at 100°C for 10 minutes. Following centrifugation of the lysate, 1 L of the supernatant was used in the PCRs. For the PCR mixes, each of the primers was used at a concentration of 0.1 mM, with 0.2 mM of each deoxynucleoside triphosphate, 10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl 2 , and one unit of Taq DNA polymerase (PCR Core Kit, Roche Applied Science, Mannheim, Germany). For further characterization of EAEC, PCRs to detect genes of the EAEC-associated plasmid pCVD432, the aggregative adherence fimbriae I and II genes (AAFI/II), the S-like enterotoxin EAST, and the autotransporter enterotoxin PET were performed using the primer pairs listed in Table 1 .
HEp-2 adherence assay to detect EAEC. The patterns of adherence of EAEC were examined by a method described by Nataro and others. 7 Briefly, HEp-2 cells were grown overnight in 50% confluent monolayers on glass cover slips in 24-well tissue cultures dishes. After the spent medium was discarded, 50 L of overnight Luria broth bacterial culture plus 1 mL of fresh Eagle's minimal essential medium (GIBCO/BRL, Gaithersburg, MD) with 0.5% D-mannose was added to each well and incubated for three hours at 37°C in an atmosphere of 5% CO 2 . After incubation, cells were washed twice with phosphate-buffered saline, fixed with 70% methanol for five minutes, and stained with 10% Giemsa for 15 minutes. Cover slips were examined under oil immersion light microscopy for the characteristic stacked brick aggregation on HEp-2 cells by two microscopists. The reference strains, RKI 17-2 for EAEC, DSM 8698 for EPEC, and ATCC 25922 for non-pathogenic E. coli, served as controls.
Antibiotic susceptibility testing. Antimicrobial susceptibility testing was performed using the Bauer-Kirby method according to protocols of the National Committee for Clinical Laboratory Standards (Wayne, PA). The E. coli strain ATCC 25922 was included as a quality control in all assays.
Statistical analysis. The data were analyzed with SSPS version 11.0 software (SPSS, Inc., Chicago, IL). Percentages were compared using a Pearson chi-square test for dependent samples or Fisher's exact test when appropriate. Means were compared using the Student's t-test for dependent samples.
RESULTS
One hundred fifty children (69 males and 81 females, median age ‫ס‬ 2 years, age range ‫ס‬ 1 month to 11 years) with diarrhea were included. In one patient, S. enteridis was isolated, and in five patients E. coli were not cultured from the stool samples. These six patients were excluded from further analysis.
Overall, 57 EAEC and seven ETEC were detected in 725 E. coli colonies tested. In two patients, EAEC and ETEC were concomitant pathogens, detected from different colonies of the same patient. Isolates of EIEC, EHEC, and EPEC were not detected. In 82 patients, no pathogenic E. coli was identified. The demography and the clinical symptoms of the patients are shown in Table 2 . Most children (n ‫ס‬ 91) had mild to moderate diarrhea, 47 had severe diarrhea, and five had bloody diarrhea. The incidence of bloody or severe diarrhea and vomiting in patients with EAEC was not different from the incidence of these symptoms in patients with ETEC, malaria, or without any pathogen. An increased body temperature > 37.8°C was present in 66 patients and was not Isolates of EAEC was detected in 57 patients by the HEp-2 cell assay. The cell assay was not applicable in one patient because the assay repeatedly resulted in total cytolysis. Thirty-seven children with EAEC were between six months and two years old; only five children were younger than six months of age. These infants were exclusively breastfed. Isolates of EAEC was not significantly more frequent in children with malaria than in children without malaria. To characterize EAEC, we looked for the presence of the pCVD432 plasmid and other virulence factors: the adhesion-associated fimbriae AAF I and II and the toxins EAST and PET. The fimbriae AAF I and AAF II and the toxins EAST and PET were detected in children with and without EAEC ( Table 3 ). The presence of the pCVD432 plasmid and the EAST toxin were significantly associated with the typical appearance of EAEC in the HEp-2 cell assay (P < 0.05). Although detected only in few patients, the presence of the AAF fimbriae I (aagA) and II (aafA) were more likely in patients with EAEC than in those with non-EAEC (odds ratio [OR] ‫ס‬ 4.1, 95% confidence interval [CI] ‫ס‬ 0.5−38.6 and OR ‫ס‬ 2.3, 95% CI ‫ס‬ 1.0−5.3, respectively). The presence of the PET toxin was also associated with EAEC and significantly more common in children with EAEC than in children without EAEC (42 of 57 [74%] versus 43 of 82 [53%]; P < 0.05). The sensitivity and specificity of the HEp-2 cell assay were 33% and 100% for pCVD432 plasmid, 59% and 75% for EAST, and 94% and 83% for both, respectively. The EAEC isolates exhibited increased resistance to ampicillin, trimethoprim, and tetracycline (Table 4) .
Isolates of ETEC was detected in five patients as the singular pathogen and in another two patients in addition to EAEC. Children with ETEC were significantly older than children with EAEC (Table 2 ; P < 0.05). Only one patient with ETEC had severe and bloody diarrhea. Although three children with ETEC had a fever up to 40.4°C, none of these children with ETEC had malaria. In 29 children, the thick blood smear revealed P. falciparum (median parasitemia ‫ס‬ 12,288 parasites/L).
DISCUSSION
Enteroaggregative E. coli is a diarrheal pathogen of emerging importance. However, there are still questions about EAEC epidemiology and pathogenesis. These type of E. coli harbor 60-kD plasmids (pCVD432) encoding toxins and virulence factors that vary in intensity and combination worldwide. 8 It has been hypothesized that the combination of these genes increases strain virulence. [9] [10] [11] The varying presence of the different virulence factors indicates heterogeneity of the EAEC isolates. 9 The EAST toxin was present in 22.1% of children with diarrhea in Nigeria, in 38.8% in Iran, and in 59% of the children in the present study. 12, 13 In another study the fimbriae AAF I and II and the PET toxin were most frequently detected and associated with diarrhea and inflammation. 8, 10 In the present study, the pCVD432, PET, and EAST sequences were detected in 19, 42, and 34 patients, respectively, in whom EAEC was detected by the HEp-2 test, and were significantly associated with EAEC. However, as previously described, EAST and PET were also detected in 11 of 82 (13%) and 43 of 82 (53%) patients without EAEC, respectively.
14 The toxins EAST and PET seem to be common in the E. coli population and not restricted to EAEC. However, they are more common in EAEC, and their contribution to EAEC virulence and diarrhea is still unclear. There was no significant association between malaria and EAEC. The pCVD432 plasmid, which is one of the characteristics of EAEC, can be detected either by hybridization or PCR. The PCR assay with primers derived from the probe sequence has a sensitivity and specificity similar to that of the original probe assay. 15 The correlation of the pCVD432 PCR and HEp-2 cell assay was confirmed in children with acute diarrhea in Calcutta. 16 In the present study, the combined PCR detection of pCVD432 and EAST resulted in a sensitivity and specificity of 94% and 83%, respectively. Although the HEp-2 test is still the method of choice, the PCR may be used to detect characteristics of EAEC in a population when the frequency of the respective virulence factors is known.
Although EAEC have been associated with diarrhea in children in Africa, the role of EAEC in diarrhea has been controversial. 9, 17, 18 In studies from Djibouti and Bangladesh, EAEC were not significantly associated with diarrhea. 17, 19 However, in children between six months and 12 years of age, EAEC were significantly associated with diarrhea. 9, 18 In the present study, EAEC were detected in 57 of 150 children with diarrhea. Similar to the results of the study of Okeke and others, 9 other diarrheagenic E. coli were rarely detected (ETEC in seven patients) or not at all. Likewise, diarrhea due to EAEC was more common in children older than six months of age. The explanation may be that children less than six months old are usually breastfed in the Lambaréné region. 20 In the present study, all children up to six months of age (n ‫ס‬ 37) were exclusively breastfed. Enterotoxigenic E. coli were established as causative pathogen of diarrhea in developing and developed countries. 6, 18 In the present study, ETEC was detected in only seven children. Diarrhea due to ETEC was accompanied by high fever. It was surprising that a patient had bloody diarrhea with ETEC; thus, another pathogen must have been missed since ETEC do not cause damage to the mucosa. However, due to the small number of patients, a significant association between fever and ETEC cannot be demonstrated, even when corrected for the two patients who had a concurrent infection with EAEC.
Isolates of EAEC exhibited increased resistance to standard antibiotics such as ampicillin, trimethoprim, and tetracycline, as previously reported. 9, 10 It has been explained that the increased antibiotic resistance was due to a readiness for transfer of antibiotic resistance via conjugation probably encoded by the pCVD plasmid. 10 In conclusion, diarrheagenic E. coli contribute to the burden of diarrhea of Gabonese children. Isolates of EAEC were found in 57 of 150 Gabonese children with diarrhea with a peak incidence between those six months to two years of age. These EAEC displayed increased resistance against standard antibiotics such as ampicillin, tetracycline, and trimethoprim. Other characteristics and virulence markers in this population were the presence of the plasmid pCVD432 and the toxins PET and EAST. 
